In this study, microwave-assisted acid hydrolysis (MAAH) to obtain vitexin (VIT) from Crataegus pinnatifida leaves was optimized. The single factor experiment was applied to optimize the operating parameters of MAAH. The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay and ferric reducing ability of plasma (FRAP) were performed to evaluate the antioxidant activity of extract. The results showed that the optimum parameters of dealing with 1 g sample were 2.0 M hydrochloric acid concentration, 40 min microwave irradiation time, 1:10 solid-liquid ratio, 50% ethanol concentration, 70°C microwave extraction temperature and 600 W microwave power. The yields of VIT were 2.62 mg/g under the optimum conditions. The C. pinnatifida extracted by MAAH exhibited more antioxidant activity than extracted by microwave-assisted extraction (MAE). The number of vessels in chick chorioallantoic membrane indicated that C. pinnatifida leaves could promote angiogenesis. These findings suggested that MAAH provides an efficient technique to produce VIT.
In recent years, more and more people are plagued by cardiovascular diseases which have become one of the major killers around the world [1a] . Crataegus pinnatifida, Bge. Var. Major N. (Rosaceae) is a traditional medical material in northeast of China. It can reduce the risk of cardiovascular diseases and improve the heart function [1b]. Our previous studies have shown that chemicals extract of C. pinnatifida has been reported to exhibit a variety of pharmacological effects on anti-inflammatory, anticancer, antiviral, antimicrobial and lipid-lowering activities [1c] . Leaves of it are rich in phenolic compounds, the key bioactive compounds in this plant offer antioxidative, anti-inflammatory, and free radical scavenging effects. Recent studies indicate that more than 150 compounds have been isolated from C. pinnatifida such as VIT, vitexin-4″-Oglucoside (VG) and vitexin-2″-O-rhamnoside (VR) [2a, 2b] . VIT from the leaves of C. pinnatifida is a flavonoid compound revealing lipid-lowering activities potential in vitro and in vivo, and that they may play a role in cardiovascular diseases [3a] . However, VG and VR have higher contents, the issue of VIT possesses lower contents is not resolved.
After flavonoid compounds from C. pinnatifida leaves were completed by the MAAH, the flavonoid compounds in the solution of each sample were analyzed. HPLC analyses allowed the identification of the contents of three flavonoids in C. pinnatifida leaves. Under these conditions, the three compounds were separated and analyzed by their retention times and peak area ratios. As shown in Figure 1A . Vitexin (VIT) is an apigenin-8-C-glucoside. VG is a vitexin-4″-O-glucoside whereas VR is vitexin-2″-Orhamnoside [3b]. These O-glycosidic structures are susceptible to acid hydrolysis and/or microwave irradiation time and so on [3c].
The effect of acid concentration on the hydrolysis efficiency was studied using different concentrations (0 M, 1.0 M, 2.0 M and 3.0 M) at the condition of microwave irradiation time 15 min, solidliquid ratio 1:15, ethanol concentration 50%, and the mixture treated with 700 W microwave power at 70°C. In Figure 2A , with the decreasing of VG and VR yields, VIT yields show increasing tendency, which keep it steady when the concentration increases from 2.0 M to 3.0 M. This is probably because the higher acid concentration leads to the greater hydrolysis [4a] . Acid hydrolysis leads to partial degradation of VG into VIT and glucose, and partial degradation of VR into VIT and rhamnose. Taking into account the conservation of resources, 2.0 M acid concentration was considered as more efficient for further optimizing the hydrolysis efficiency in subsequent tests. On the basis of optimal acid concentration, microwave irradiation time was investigated using different times (20, 30, 40 and 50 min) . Acid concentration was fixed at 2.0 M, solid-liquid ratio 1:15, ethanol concentration 50%, and the mixture treated with 700 W microwave power at 70°C. As shown in Figure 2B , when microwave irradiation time increased from 20 to 40 min, the yields of VIT increased significantly. It reached the maximum at 40 min microwave irradiation time. It could be inferred that more time was needed to disrupt the cell walls, which promoted the release of the flavonol glycosides into the solvent, and it was effective to hydrolyze the flavonol glycosides [4b] . Therefore, 40 min was selected for further experiments.
For investigation the effect of solid-liquid ratio on the MAAH process in Figure 2C , experiments were performed with different solid-liquid ratio (1:10, 1:15, 1:20 and 1:25). The other variables were kept constant. It showed that the yields of VIT decreased with their solid-liquid ratio range from 1:10 to 1:25. Thus, a solid-liquid ratio of 1:10 was therefore chosen as the optimum solid-liquid ratio.
To find an appropriate ethanol concentration for obtaining the large number of VIT, MAAH procedures was performed with different ethanol concentration (0%, 25%, 50% and 75%), and the condition remained unchanged by microwave irradiation. As shown in Figure  2D , when ethanol concentration range from 0% to 50%, remarkable increases are observed of VIT yields. The yield of VIT and the conversion rate of VG and VR reached the maximum at 50% ethanol concentration. Glycoside was slightly soluble in ethanol, and insoluble in high concentrations of ethanol. Therefore, ethanol concentration 50% was selected for further experiments.
According to the results of the research which was done, the hydrolysis efficiency was studied using different temperature (60°C, 65°C, 70°C and 75°C) at the condition of previous experiments. As shown in Figure 2E , there was a remarkable increasing of VIT when temperature rose from 60 to 70°C. However, the yield of VIT decreased when the temperature of the reaction was more than 70°C. Due to the rise of temperature, molecules obtain higher kinetic energy that result in a greater collision rate between the hydronium ions and substrate. But when the temperature was too high, the flavonol aglycones may be isomerization [5] . The temperature of 70°C is selected as the best conditions for subsequent experiments.
Optimization of the microwave power is necessary to ensure extraction and hydrolysis. Figure 2F showed the effect of microwave power on the yields of VG, VR and VIT from C. pinnatifida leaves under the optimal conditions which have been done. The results demonstrated that the yield of VIT obtained at different powers (500 W, 600 W, 700 W and 800 W) gradually increased as the microwave power in a range from 500 W to 600 W and then decreased at 700-800 W. With the increasing of microwave power, heating rate increased significantly, which is the decisive factor for the yield of VIT. However, when the microwave power was too high, VG and VR cannot mostly convert to VIT. In this study, microwave power of 600 W is optimum. Based on these results, it can be confirmed the optimum extraction condition of MAAH: acid concentration 2.0 M, microwave irradiation time 40 min, solid-liquid ratio 1:10, ethanol concentration 50%, temperature 70°C and microwave power 600 W. In these conditions, the acid concentration and microwave irradiation time had significant influence on the content of VIT which obtained by MAAH. The yields of VIT were 2.62 mg/g under the optimum conditions. UV chromatogram of sample extracted by MAE showed the presence of a main compound VG, and a small amount of VR and VIT ( Figure 1B ). According to the best extraction conditions, VIT appeared in a higher contents with the decrease of VG and VR after sample extracted by MAAH ( Figure 1C) . Therefore, MAAH can be applied in a large scale to obtain economic benefits according to the best extraction conditions. Antioxidants generally react with DPPH, which has a characteristic absorption at 517 nm [6a] . Free radical scavenging potentials of C. pinnatifida leaves extracted by MAE and MAAH were tested by DPPH method. The results were illustrated in Figure 3A . MAAH extracts showed strong antioxidant activity with an IC 50 value of 0.61 ± 0.011 mg/mL. In contrast, MAE extracts can't reach half inhibition rate. Some reports have described a positive correlation between phenolic content and antioxidant activity [6b] . It was implied that the C. pinnatifida leaves extracted by MAAH exhibited significant advantages in terms of higher phenolic contents and excellent antioxidant activities. By comparing the absorbance change at 593 nm in test reaction mixtures with those containing ferrous ions in known concentration can gain FRAP values [6c]. Figure 3B shows that the antioxidant activity of MAAH extract is significantly higher than that of MAE. The antioxidant value is 3.13 mmol/g in the concentration of 0.3 mM of MAAH, and the antioxidant value is 2.70 mmol/g at 0.6 mM of MAE. MAAH can achieve a better antioxidant activity in a small concentration comparing to MAE. The results of FRAP and DPPH showed that the antioxidant activity of MAAH is better than that of MAE.
According to previous research, the vascular number was altered in CAM treated with standard or test solutions of angiogenesis promoters and inhibitors [7a] . To assess the effect of hydrolysis product obtained by MAAH on angiogenesis, our analysis was based on the average vascular number, which quantified the vessel numbers of image acquisition after fixed in a solution at 50% of propanone in methanol. The blood vessels of the blank control Microwave-assisted acid hydrolysis to obtain vitexin Natural Product Communications Vol. 12 (12) 2017 1871 samples were arranged in a radial branching pattern, covering the entire area of the CAM (Figure 4A and B) . Comparing to the result of MAE in Figure 4D , the images in Figure 4C clearly showed an increase in the vascular number after MAAH. The result was better than the positive control samples and similar to VIT samples ( Figure 4E and F) . The vessels in VR and VG control samples were found to be thin in Figure 4G and H. It was verified that the conditions (MAAH and treatment with VIT) were the significant factor influencing angiogenesis.
Overall, the number of blood vessels after treating with samples and standards was more than the blank control group ( Figure 5 ). It confirmed that they all had the effect of promoting angiogenesis. And the number of all vessels after VIT cultured was more than VG and VR. It illustrates the fact that VIT has the ability to promote angiogenesis. The number of I vessels which cultured by MAAH products was more than MAE, the number of II vessels was less than MAE, the number of III vessels was further more than MAE. Evaluation of angiogenesis mainly based on the number of tertiary vascular. The number of all vessels after treating with MAAH products was better than the positive control samples and similar with VIT standard. The results further demonstrated that the effect of MAAH products was similar with VIT standard, which had the ability to significantly promote angiogenesis. The purpose of this study was to investigate the effect of MAAH from C. pinnatifida leaves on the production of VIT. In order to determine the main factors and the appropriate ranges for the subsequent trials, single factor experiments were performed. DPPH and FRAP method were used to showed antioxidants, the IC 50 value of MAAH extracts in DPPH was 0.61±0.011 mg/mL, and in FRAP was 3.13 mmol/g. In addition, the C. pinnatifida leaves extracted by MAAH has the significant ability to promote angiogenesis by CAM. It can be concluded from the results that MAAH under optimum conditions can be considered as an efficient technique to produce VIT.
Experimental

Materials and chemicals:
The leaves of C. pinnatifida were collected in September, 2015 from the Northeast Forestry University (Harbin, China). Voucher specimens were deposited in the herbarium of Key Laboratory of Forest Plant Ecology, Ministry of Education, Northeast Forestry University. The material was dried at 60°C in an oven. Dried C. pinnatifida leaves were powered by a disintegrator and passed through a sieve (20-60 mesh), then it stored at 4°C until used. Standard compounds including VG, VR and VIT were bought from Purifa Pharmaceutical Technology Company (Chengdu, China). Positive controls were Tong-Luo-Sheng-Gu capsule. It bought from Zhejiang Hisun Pharmaceutical Co. Ltd. (China). Other reagents of either analytical or optical grades were obtained from Beijing Chemical Reagents Co. (Beijing, China). The FRAP assay kits were obtained from the Beyontime Institute of Biotechnology (Haimen, Jiangsu Province, China). Water was purified using a Milli-Q Water Purification system (Millipore, MA, USA).
Microwave-assisted acid hydrolysis of VIT: 1.0 g C. pinnatifida leaves powder was mixed with 10 mL 50% ethanol-water mixture (v/v) in a three-neck flask and added 1.075 mL HCl (2 mol), and then irradiated at microwave power of 600 W for 40 min. A condenser with a continuous flow of water was used to avoid solvent loss during the microwave extraction process. MAAH experiments were performed in a MAS-II microwave synthesis/extraction workstation (Sineo Microwave Chemical Technology Co., Ltd., Shanghai, China) equipped with a microwave instrument and a three-neck flask.
HPLC analysis condition:
The HPLC system consisted of a Jasco PU 1580 pump (Jasco Corp., Tokyo, Japan) equipped with an 7725i sampling system and a UV 975 ultraviolet detector. A HiQ sil-C18 reversed-phase column (4.6 mm × 250 mm, 5 μm; Kya Tech, Tokyo, Japan) was used for the detection of VG, VR and VIT. v/v/v/v) system was used as mobile phase with the flowing conditions: 1.0 mL/min flow rate and 10 μL injection volume [7b] . Moreover, 350 nm was chosen as the optimal detection wavelength for the simultaneous determination of three phenolic compounds.
Antioxidant Activity: According to previous report, the antioxidant activity of flavonoids extract was evaluated by the stable free radical DPPH [7c] . One hundred microliters of samples were mixed with 900 μL of DPPH 1 mM in 50% ethanol solution. The mixture was incubated for 70 min in the dark, and absorption was measured at 517 nm [8a] . The calculation of the DPPH free radical scavenging activity followed the equation (5 μL) were added to the 96-well microplate followed by 180 μL of working FRAP reagent and incubating at 37°C for 3-5min and then A593 readings were recorded. The total antioxidant capacity of samples was determined against a standard of FeSO 4 ꞏ7H 2 O at concentrations from 0.15 to 1.5 mmol/L. Chick Chorioallantoic Membrane: Fertilized chicken eggs were obtained from Harbin Veterinary Research Institute. Eggs of 6 day were incubated for one day at 37°C and a relative humidity of 60% in an incubator. On day 7, eggs surfaces were cleaned with 75% ethanol. A circular window 1.5-2.0 cm in diameter was opened aseptically on the egg shell with an electric engraving tool, detaching the shell membrane from the developing CAM using sterilized forceps, exposing the part of the CAM that contained the central vein [9a] . Then, vehicle was added and 20 μL of sample solutions was injected. The sample solutions of MAAH, MAE and positive controls were 25 mg/mL respectively. VIT, VR and VG we re 0.6 mg/mL respectively. The openings were sealed with adhesive tape and the eggs were reincubated in humidified incubator at 37°C.
On day 10, the CAMs were harvested and fixed in 50% of propanone in methanol. For every concentration of solutions of positive and negative controls, 10 eggs were used. The vascular response was evaluated by the average vessel area and numbers. Different results were observed depending on the concentration of solutions of positive and negative controls. According to the size of vessel, it was further differentiated into primary (I vessels, 100-300 μm), secondary (II vessels, 50-100 μm), and tertiary branches (III vessels, <50 μm). The number of chicks with hyperplasia or inhibition was artificially counted. Data were analyzed for variance.
[9b].
Statistical analysis:
All experiments were conducted in triplicate. Data were expressed as mean ± SD (standard deviation). Statistical analysis was performed with SPSS (USA) version 11.5. The p value less than 0.05 was considered to be statistically significant.
